ries (16.5%) involved a major injury to the eye and required surgical intervention. In 3 cases (8%), ocular injury proved to be the cause of premature retirement from the sport. In 19 cases (53%), a direct hit by a speeding ball caused injury, and in 7 cases (19.5%) the ball entered through the grill in between the peak and faceguard.
Batsmen were the most vulnerable, with 31 (86%) bearing the injury burden, followed by wicketkeepers (3; 8%) and fielders (2; 5.5%). The most common pattern of injury to wicketkeepers was injury to the eye by the bail, especially while fielding for a spin bowler. Injury while fielding at ground is a relatively rare event, accounting for only 2 injuries (5.5%). However, it also includes fatal injuries to the Indian players Raman Lamba and Ankit Keshari. [15] [16] [17] [18] Review of the literature At present, cricket is a very popular sport, played in more than 105 countries throughout the world. 9 The International Cricket Council (ICC) is the governing body of cricket, with 10 full member, 38 associate member, and 57 affiliate member countries. The ICC organizes a Cricket World Cup tournament every 4th year. This tournament is the world's third largest sporting event, with only the Fédération Internationale de Football Association (FIFA) World Cup and the Summer Olympics exceeding it. 22 Both male and female teams play cricket in different formats, such as One Day International, Test match, and Twenty20. Various national and international governing bodies also organize under 12-year, under 16-year, and regular cricket matches at regional, national, and international levels independently. In countries like India, children from various socioeconomic strata play leisure cricket not only in the fields and parks but also in crowded areas such as roads and streets, adding propensity for increased number of injuries caused by cricket and road traffic accidents.
Professional cricket is a noncontact sport in which a bowler delivers a hard ball toward a batsman at a speed of 80-160 km/h (50-100 mph) from a distance of 20 m (22 yds). Most of the time, the injuries are unintentional, but infrequently balls are thrown targeting the bodyline out of anger, frustration, or in the heat of sledging. [14] [15] [16] [17] [18] 21, 22 The impact may be minor to severe, but an ideal helmet should provide full protection to the head from every possible injury. A batsman can only play his/her natural game if the fierce pace does not intimidate him/her, and wearing a helmet provides this assurance.
Injury Surveillance in Professional Cricket
The aim of this study was to analyze the spectrum of possible injuries to the head and face in professional cricket. An isolated news report of head injury during cricket matches creates a misconception that injuries in cricket are rare events. However, it is not really a red herring. Injury surveillance by the England and Wales Cricket Board and ICC has documented nearly 50 cases of injuries to batsman. 26, 27, 35 In 2005, cricket narrowly preceded football and rugby union to the publication of the sport's first consensus statement of injury definition. 21, 22, 27 A few injury surveillance reports are available in cricket, dating back to World Cup tournaments of 2003 and 2011. These reports detail the overall injury prevalence rather than concentrate on craniofacial injuries. The injury prevalence rate in the injury surveillance report by the ICC has been reported to range from 10% to 15%, classifying cricket as a game associated with a moderate injury risk in comparison with football and rugby. 8, 21, 22, 27, 33 The reports were criticized as they covered only one format of cricket, i.e., One Day International. There was no formal analysis available for Twenty20 and Test cricket-related injuries, as prolonged play, a tired player, and different degrees of pressure to perform change the vulnerability and spectrum of injuries. 21, 22, 27 Another important shortcoming is the data collection from players of 5 of 14 countries only (Zimbabwe, Sri Lanka, South Africa, Bangladesh, and Pakistan). In the remaining 9 countries, the national cricket councils were independently collecting the data, which was not shared with the ICC. However, an initiative by the ICC to identify the current burden of injury, especially head injury in professional cricket, should be welcomed. 21, 22, 27 Injury surveillance in cricket has so far concentrated on injuries resulting in match time loss only, in comparison with football and rugby, where all injuries are reported. With the different formats of cricket being played year round, injury surveillance has become a rather difficult task because of independent clubs and ownerships failing to share data. In addition, player consent is still a major issue in reporting injuries to international agencies.
Severity of Head Injury
The spectrum of head injury in cricket ranges from trivial skull fractures to fatal accidents. The history of head injury in cricket parallels the history of cricket itself (Table 1 ). The first fatal injury dates back to 1870, when a bouncer by John Platts hit George Summers on head. Summers was not wearing a helmet, and he died the next day. The next player, Richard Daft walked out with his head wrapped in a towel. [15] [16] [17] [18] Although head injuries kept happening in cricket, only isolated independent events were reported without any proper record. The risk and its severity were only gradually realized, and helmets became an essential safety kit of a batsman.
In previous nationwide surveys, Stretch and Raffan found that head and face injuries account for 9%-25% of injuries to batsmen. 33 Emergency data collection in Australia from 1989 to 1993 mentioned that 44.4% of all cricketrelated presentations in children and 16.6% in adults were for head injury. 21 As in other sports, there may be underreporting of head injuries (mostly concussions). This may be because of the athlete minimizing the event to continue playing or it may not be perceived serious enough to be reported. 1, 4, 5, 8, 29 Many players tend to underreport such an event and try to reenter the contest, denying any residual effect. In a minor head injury, the decision to continue to play or not is the decision of the player, and the opinion of a medical professional appears to be secondary. A professional player is obligated to play well and maintain onground appearance and charisma of not being soft on the targets. Since "walk and talk" injuries may predispose to second impact syndromes leading to catastrophic damage, caution should be exercised before allowing the player to return to the game or even net practice. 
History of the Helmet in Cricket
In the early years, a helmet was not a part of a batsman's gear. However in 1860, the bowling pattern changed from underarm to overarm action and led to introduction of a new breed of bowlers called "pacers." In 1932-1933, the English cricket team adopted the infamous bodyline tactic to tame "run machine" Sir Don Bradman. It led to diplomatic debate and finally changed the laws of cricket.
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Since then, bouncers and beamers are striking the batsman's head at regular intervals. A bouncer (or bumper) is a type of fast delivery, pitched short on the pitch, so that it bounces well short of the batsman and rears up to chest or head height (or even higher). A beamer is an illegal delivery aiming at the batsman's head without bouncing on the pitch. Fierce pacers such as Malcolm Marshall, Andy Roberts, Joel Garner, Denise Lillee, and Jeff Thompson changed the face of the game in the 1970s and prompted the introduction of the helmet. In front of an express bowler delivering at a speed of 83-100 mph, a batsman has just 0.45-0.6 seconds to analyze and hit the ball. With this, the helmet became popular and batsmen around the world are now using it as a protective gear.
Helmet Designs
Earlier batsmen used scarves, towels, and padded caps to protect themselves from the lethal impact. Patsy Hendren, an English cricketer was the first to use a specially designed protective cap in the 1930s. The first recorded use of a cricket helmet dates back to March 17, 1978 , by Graham Neil Yallop, an Australian cricketer against the West Indies. The earlier helmets resembled full-faced motorcycle helmets in their design. They were heavy, hot, uncomfortable, and hampered the batsman's vision during long innings. At present, a cricket helmet has 2 primary components: a helmet shell and detachable faceguard usually in the form of a metal grill (Fig. 1A and B) . In recent designs, plastic or carbon fiber shells with titanium grills have replaced the earlier heavy metallic material, making it lighter, but the design has remained nearly the same. The performance of any helmet is dependent on the liner foam (its thickness and density) and the shell stiffness. Normally, helmets have a size range of 54-58 cm with shell thickness of 3-4 mm and liner thickness of 8-10 mm. 26, 28 Head Injuries With the Helmet in Place Soccer and ice hockey have been identified as the most dangerous sports as far as head injury is concerned. These are the games with the maximum chances of head-on collision leading to concussion injuries. Recent fatal accidents in professional cricket have highlighted the deficiencies in the existing helmet designs.
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Most midface injuries or nasal fractures have happened when a player was wearing a helmet. The ball rams into the face between the peak-faceguard gap, even if the gap was considerably smaller than the width of the ball. In the guidelines laid by British Standards (BS7928), the peakfaceguard gap should be 55 mm or smaller. The standard diameter of a cricket ball is 73 mm. Even with a difference of 18 mm, there have been incidents of the ball entering through this gap, leading to severe cranio-facio-maxillary injuries. 20, 28 Tampering with the grill by the batsman predisposes the batsman to the injury. The grill has often been cited as a reason for hampered vision. In most of the modern helmet designs, the grill is adjustable. Excessive upward flexion on the helmet and downward flexion on the grill increases this space. Another possible reason may be deformation and compression of the ball after impact. There are incidents of deformation of the grill being pushed inward by the ball. The impact of grill onto the face can lead to severe facial lacerations and contusions. Orbit and maxillary injuries are concomitant with head injuries, but ear injuries are usually rare (Fig. 2) .
Concussion injuries to players have also been reported after the sides of the helmet have been hit. Although there is no universally accepted definition of concussion, the textbooks define it as a complex pathophysiological process affecting the brain, induced by traumatic biomechanical forces secondary to direct or indirect forces to the head with essentially normal structural neuroimaging findings. 24 Concussion injuries are more prevalent following impact to the helmet shell that covers the posterior temporal and occipital regions (Fig. 2) .
The earlier research primarily emphasized on the peakfaceguard gap, but video footage of late Phillip Hughes revealed that he was struck by the ball at the angle between the back of the shell and rear of the grill. This seemingly benign impact led to vertebral artery dissection and intracranial hematoma, resulting in death. The helmet manufacturer later declared that Hughes was not wearing a fully protected helmet design (Figs. 1C and D and  2D ). This injury to Phillip Hughes explains the need to extend the helmet shell to cover the occipital area, which has been a rather neglected zone so far.
3 These kinds of injuries are frustrating too as wearing a helmet provides a false sense of security and not aptly serving its basic purpose. Although there are specific guidelines for helmet design in other sports such as football, no study could definitively prove that wearing a helmet may prevent concussion injury. 4, 6 Existing helmets are designed to prevent catastrophic head injury but not mild head injury such as concussion. To date, the incidence of concussion in cricket is not known.
Hence, the level of protection offered by cricket helmets is a controversial issue, and recent tragic deaths have drawn attention to update the safety standards. The latest update for head protectors in cricket (BS7928) was done in December 2013 but has not been strictly followed since then.
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Eye Injuries to Wicketkeepers
In the last 5 decades, there have been several incidents of severe eye injury to players, including career-terminating injuries to Marc Boucher, Saba Karim, and Paul (Table 1) . 11, 15, 18 A wicketkeeper, on the other hand, is more likely to be hit by the bails rather than by the ball. It is nearly impossible to concentrate on the bail and ball simultaneously. Wicketkeepers are usually more reluctant to wear helmets than are batsmen. As a bail can still hit the eye with a helmet in place, protective eye gear is a must, especially while fielding for a spin bowler. Only polycarbonate-type material meets standard sports specific protective eye gear criteria. Sports-specific eye gear should withstand 18.7 J (squash) to 114 J (baseball) of energy transfer. Another recommendation is to change the design of the bails to make their margins less sharp.
Downton
Objective Parameters of Helmet Performance
Drop Test. The drop test is the routinely performed test to compare the strength and safety of cricket helmets (Fig.  3 left and Tables 2 and 3) . 23, 34 In this test, the helmet is dropped with the headform onto an anvil, and the acceleration of the headform is measured. For routine purposes, any helmet is considered safe if the head acceleration remains less than 250g (250 × 9.8 m/s 2 ). However, a few laboratory studies have demonstrated an 80% likelihood of significant head injuries involving skull fracture or intracranial hemorrhage with an acceleration of 200g (Fig.  3 left) . The drop test is now criticized, as ball-to-head impact may be significantly more in professional cricket where fast, elite, and express bowlers deliver at speeds of more than 80-100 mph.
Severity Index. The safety of any helmet is measured on an objective scale known as the Severity Index. 20 The Severity Index score reflects how well a helmet absorbs the energy from an impact by measuring the effects on the head and brain. Helmets with higher severity indices are considered dangerous and more damaging in case of any impact. As per the standards, helmets with severity indices less than 1200 are considered good. However, different biokinetic and laboratory analyses have proved that to prevent a concussion, the severity index should be less than 600. 
Projectile Test/Air Cannon Test. An air cannon test is
an objective method to compare the impact of the injury (Fig. 3 right and Table 2) . 23, 34 In this test, a cricket ball is delivered at preset velocities to an enclosure containing a Hybrid III head and neck dummy. Hybrid III is the standard crash test dummy analyzed in frontal crash tests in vehicles. The ball is projected in 2 ways: perpendicular to the surface of the helmet so that the maximum radial force is put toward the center of the helmet, and tangentially to evaluate the other possible patterns of injury. The same area chosen is also checked with different velocities ranging from 45 to 100 mph to evaluate the comparable safety. The energy of impact and the maximum headform acceleration are calculated (Fig. 3 right and Tables 2 and 3) .
In a single study of its kind, McIntosh and Janda 13 did a comparative evaluation of various cricket, hockey, and baseball helmets with projectile and drop tests. Cricket helmets performed poorly in comparison with other sports' helmets when realistic impact was considered. Since every sport exposes its player to a different subset of risks, there cannot be uniform helmet for all sports. Baseball is the only sport that exposes its players to the same risk profile as cricket. The basic purpose of any helmet is to attenuate the impact energy and evenly distribute it over a large surface area to prevent any injury. In comparison with a cricket helmet, a baseball helmet is able to attenuate energy to a greater extent attributable to its 4-times-thicker liner.
ongoing Research
Helmet safety is an area of ongoing research, which is receiving multimillion dollar (US) funding from the various manufacturers of sports gear. One important research tool is a head impact device knows as Checklight that measures the impact force. This device was developed and donated by Reebok for National Football League players. 7 The device is worn under the helmet and features a lightemitting diode on the back of the neck that flashes when a player takes a significant blow. It fits inside the helmet and measures the impact of force from 9 locations around the head. However, it only indicates the strength of impact and nothing about the severity of injury. In a simpler perspective, the Checklight is similar to a traffic signal in that it comprises 3 different colors according to the im- pact: green, yellow, and red. A green signal indicates that a player can be allowed to be on field, yellow indicates that the player should be observed to prevent a successive second hit, and a red signal demands discontinuation for some period as well as further monitoring.
Medico-legal Concerns
Although uncommon in cricket, litigation is gradually becoming a common occurrence in other sports.
14 With the passage of time, when the complete injury profile is realized, there is usually lack of sufficient financial aid and medical benefits, causing families to seek a source of fault for apparently avoidable tragedy to their loved ones.
initiatives by the iCC
In 2012, the Federation of International Cricketers' Association and the British Standards Institute have initiated a study aimed at improving safety to the player by wearing a helmet. 27 The objectives of the committee were to: 1) lay down new safety guidelines; 2) educate the players; 3) encourage research in sports injury; 4) standardize the safety norms for a helmet with consideration of thermal comfort, batting position, and vision; 5) change in the design of bails; 6) lobbying national and international standards organizations to review and improve existing helmet testing protocols; and 7) enforce strict product liability. There should be adequate warnings and instructions for the proper usage of the protective gear provided by the manufacturer.
In view of the insufficient injury reporting, head injury in cricket is viewed as an unfortunate and rare accident or simply "part of the risks of the game." Although an injury risk cannot be negated completely, the chances of significant injuries should be greatly reduced. The purpose of this review article is to highlight the need for better protective gear, appropriate human factors to consider during development of sporting goods and equipment, and adequate binding instructions to players and coaches. Print and electronic media should highlight the safety concerns. An unfortunate event need not be sensational but should be highlighted to prevent its repetition. As a result of increased awareness of sports-related concussion, we can learn about how these injuries occur and how to manage them. It might also help us to understand the mechanism of injury of other sports-related traumatic brain injury.
suggested Changes in helmet Design for Contemporary Challenges
The current helmet design is in need of some changes to reduce risks inherent in cricket. The shell should be fabricated with aerospace-grade carbon fiber/epoxy resin composite, which can afford the realistic impacts on field. 13 The faceguard (grill) should be extended posteriorly to provide a global coverage to the occiput and temple region behind the ear. The peak-faceguard gap should be adjustable within safety margins only. The faceguard should be made of a tougher material that is tougher than the helmet shell and does not yield in a frontal blow from the speeding ball.
The design of the helmet should minimize or prevent the chances of the ball ramming through the peak-faceguard gap. To further reduce the chances of ocular injuries, the peak-faceguard gap should be covered with a visor made of material meeting standard protective eye gear criteria (Fig. 4) . However, there should be adequate measures taken to prevent glare and fogging under the visor.
Return-to-Play guidelines for Cricket
Cricket adheres to the Zurich consensus, 12 which states, "a player with diagnosed concussion should not be allowed to [return to play] on the day of injury." The definition of concussion (as applied to cricket) and return-to-play guidelines are debatable and are still evolving. Concussion guidelines need to be framed separately for cricket, as the mechanism of injury is different from that in other sports, where the most common cause of injury is direct collision. Concussion is difficult to diagnose in the majority of cases. In such a situation, when the player and coach insist on return to play, logistics demand early return on field to maintain the flow of game. Clinical manifestations of acute concussion may range from physical signs (loss of consciousness, amnesia), behavioral changes, cognitive impairment to sleep disturbance. These symptoms may appear in a few seconds to a few days. When the symptoms of concussion are present, the player should not be allowed to return to play to prevent second impact and worsen. These players should be subsequently monitored as per the recommended Zurich consensus guidelines (Fig. 5) .
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Conclusions
Validation of helmet safety parameters in the laboratory and on field is to be encouraged as per the suggested guidelines discussed here. The batsman and wicketkeeper should wear a helmet while on field. We further emphasize that good-quality helmets should be easily available and affordable even for nonprofessional players. Moreover, all cricket clubs should appoint qualified medical professionals for better surveillance and early identification of injuries and their management. This might not only prevent fatal events but also premature termination of a bright future.
